Abstract-The isolated kidney of the recipient rat was perfused at a fixed flow rate with blood from a donor by a cross-circulation technique. The renal vasculature responded to the release of arterial occlusion with vasoconstriction, the magnitude of which was increased with increase in the duration of occlusion. ATP, ADP, AMP, adenosine. noradrenaline and 5-HT injected into the renal artery induced a prominent vasoconstriction; IMP and inosine had only a weak vasoconstrictor effect even in large doses. Theophylline reduced the vasoconstriction in response to arterial occlusion and to ATP and adenosine but did not affect that produced by noradrenaline or 5-HT. This suggests that adenine compounds, particularly adenosine, may play a role in the genesis of reactive vasoconstriction after arterial occlusion in the isolated rat kidney.
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Research on the postocclusive vascular response in the kidney was initiated at the end of the 19th century (1), but the response remains the subject of intensive investigation even at present (2-7).
Postocclusive vasoconstriction appears to be a characteristic response of the kidney; it is not observed in other tissues (8) (9) . It has been suggested that mediator substances such as adenosine (5, 7, 10) or adenosine monophosphate (11) may play a role in the genesis of the vasoconstriction.
In the rat isolated, cross-circulated kidney, we attempted to elucidate a possible mecha nism responsible for induction of the postocclusive vasoconstriction.
MATERIALS AND METHODS
Male Sprague-Dawley rats were allowed free access to food and water overnight before use in the present studies.
Surgical procedurs
Donor rats (550-750 g) were anesthetized with pentobarbital sodium (65 mg/kg i.p.).
The right jugular vein and carotid artery were exposed and cannulated by polyethylene cannulae. Heparin sodium (1000 U/kg) was injected and the blood pressure was measured from the left femoral artery with a pressure transducer (Nihon Kohden, MPU-0.5). The carotid and jugular cannulae of the donor rat were connected to the perfusion circuit after the circuit had been filled with 15 ml of blood freshly drawn from heparinized rats.
Recipient rats (180-250 g) were anesthetized with pentobarbital sodium (75 mg/kg i.p.). According to the method described by Nishiitsutsuji-Uwo et al. (12) , the right kidney, the right renal artery, the superior mesenteric artery, the abdominal part of the inferior vena cava and the abdominal aorta were exposed through an abdominal incision in the mid-line.
All visible renal nerves were severed and the renal artery was swabbed with 0.5 % lidocaine saturated cotton. The adrenal branch of the renal artery was tied and heparin sodium (1000 U/kg) were injected into the femoral vein. Both vagi were cut at the midcervical level.
An arterial metal cannula (ID 0.3 mm, OD 1 rnm), by which the blood pressure of the recipient prior to perfusion could also be measured, was passed from the superior mesenteric artery to the aorta. A venous polyethylene cannula (ID 1.5 mm, OD 2 min) was inserted into the inferior vena cava. The tip of the cannula was arranged with a hole (diameter 2-3 min) wide enough to allow the venous return from the kidney to enter freely the lumen of the cannula. Subsequently, the arterial cannula was moved forward from the aorta into the right renal artery.
By means of a peristaltic pump (Mitsumi Science, SJ-1210), the blood from the right carotid artery of` the donor was conducted constantly into the renal artery of the recipient.
Flow rate was precalibrated and re-checked at the end of the experiment. Renal blood inflow and perfusion pressure were measured with a square wave electromagnetic ilowmeter (Nihon Kohden, MF-25) and a pressure transducer (Nihon Kohden, MPU-0.5), respectively.
Recordings were made on an ink-writing rectigraph (TOA Electronics, EPR-3T). The perfusion apparatus was essentially the same as that described previously by Sakai (13) .
The experimental set-up is illustrated schematically in Fig. 1 .
Arrangement for arterial occlusion
Total renal artery occlusion was performed as follows: a three-way stopcock (TC in Postocclusive vascular responses were expressed in three ways (Fig. 2 ). The first is changes (mm Hg) in perfusion pressure. A decrease in perfusion pressure following the release of arterial occlusion was designated "reactive hyperemia", while an increase in perfusion pressure was termed "reactive ischemia". The second is areas of response tracings on charts. After the release of occlusion, the chart was run at 6 em/min and the subsequent pressure profiles were recorded for about 6 min. The curve of the increased perfusion pressure was followed till it returned to the preocclusion level and the area circumscribed by the curve and the line indicating the pressure of the preocclusion level was measured by planimetry. The third is the duration of the response.
Drugs
The drugs used were ( )-noradrenaline hydrochloride (Sankyo), theophylline (Tokyo 
RESULTS

Control observations
Six preparations were used for control experiments. The mean renal perfusion pressure was adjusted to the systemic blood pressure of the recipient at the beginning of perfusion.
Immediately after the start of perfusion, the animal was sacrificed. Summarized data arc shown in Table 1 .
Repetitive occlusions of the same time period (2 min) induced a reactive ischemia o(' the same degree (Table 2) . 
Effects of ATP, ADP, AMP, IMP, adenosine amt inos•ine on the renal vascular beet
Six purine compounds were injected into the renal artery. The doses (3 10-" IU mole) of ATP, ADP, or AMP, which were increased by a factor of about 3, caused a vaso constriction in a dose-dependent manner.
Single injections of adenosine in the same dose range induced a constriction followed by a vasodilatation. No effects were produced in doses below 3 x 10 of either I M P or inosine, and at a large dose of 10-s, a weak constriction followed by vasodilatation occurred. Typical results are shown in Fig. 4A .
The vasoconstrictor potencies of ATP and adenosine which were administered in equimolar doses (3 10-1-10-6 mole) were compared in the peak response. The vasocon strictor activity of adenosine was more potent in doses below 3 x 10_; mole in comparison with that of ATP, but was not so in larger doses (Fig. 4B) . The vasoconstrictor responses to ATP, adenosine and arterial occlusion were significantly smaller than those before theophylline ( Fig. 5 and Table 3 ). The blockade by theophylline of the responses to ATP, adenosine and arterial occlusion wore off almost completely within 30 min. It has generally been accepted that a high energy phosphate compound such as ATP, unlike adenosine, does not readily cross normal cell membranes (22) (23) (24) . Recently, For rester and Williams (25) , however, evidenced the release of ATP from rat isolated heart cells under hypoxia. Tissue oxygen deficiency alters the permeability of cell membrane and promotes the release of large molecular substances such as enzymes (26) (27) (28) (29) . The tissue anoxia during renal arterial occlusion may increase the permeability of cell membrane lead ing to the leak of adenine nucleotides into the extracellular spaces. The changes in renal clearance following complete ischemia of the kidney. Tissue content 01' adenosine, inosine and
